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CHAPTER

I

INTRODUCTION AND REVIEW OF THE LITERATURE

Introduction to the Problem
As one leafs through a variety of textbooks, one
encounters pictorial illustrations that serve a variety of
purposes.

Pictures are included to attract or maintain atten-

tion, to convey information, to represent information, or

perhaps to increase the comprehensibility of the accompanying
prose.

It seems a simple task to intuitively justify the use

of illustrations in the service of these objectives.

It may

be a somewhat more difficult task to back up the justification empirically.

Illustrations frequently occur in textual materials in
a series.

Initial illustrations present both the elements

described in the text and the fundamental relationships among
Subsequent illustrations depict changes in the rela-

them.

tionships.

One finds such series in much of the literature

for young children as well as in more technical material de-

signed for older audiences.

In most cases where an entire

series of illustrations is developed, one obvious objective
is an increase in the comprehension of the accompanying

prose.

It may be assumed that the reader will call the illus-

trations from memory for the comprehension of subsequent material as well.

A purpose of the study to be reported in

this thesis is an investigation of
that assumption. More
specifically, what impact can illustrations
in one prose passage have on the learning of subsequent,
non-illustrated, but

topically related material?
Before specifying the target of the
investigation, a definition of terms is essential. Any study
attempting to in-

vestigate the impact of learning some initial
material on the
learning of subsequent material must address itself
to the

available theories on transfer of learning.
It was perhaps Thorndike (1932) who first discussed
the

identical elements theory of transfer.

Experience on task X

can, according to this theory, have no effect on the
experi-

ence of task Y unless there exists a set of elements which

appear identically or highly similarly in both tasks.

Osgood

(1949) points out that where the tasks are learning series of

paired associates, the factors critical to transfer are sti-

mulus similarity and response similarity.

Anderson (1967)

applied these notions to learning from prose materials and

labelled the concept "specific transfer".

These notions were

later elaborated upon and operationally investigated by An-

derson and Myrow (1971).

Here, one would predict that trans-

fer could only occur when elements from one passage appear

identically or similarly in another.

A second theory of transfer described by Ausubel (1963,
1968) is primarily concerned with "non-specific" transfer,

transfer that cannot be explained by an analysis of passage
similarity.

The critical construct in this theory is that of

cognitive structure.

Three factors antecedent to meaningful

learning and transfer are the presence of
more inclusive con
cepts in the knowledge structure, their
clarity and stability, and the di scriminability of the newly
presented informa

tion from existing knowledge.

Cunningham (1972) has de-

scribed this explanation of transfer as subsumption
theory.

Meaningful learning occurs when new information can
be subsumed by an existing knowledge structure.
A Review of Related Literature

Research on the use of illustrations in textual materials has been minimal.

No studies have investigated transfer

from illustrated passages to non-illustrated passages and

only a few have addressed the impact of illustrations on the

comprehensibility of prose.

On the other hand, quite a few

studies have looked at verbal factors involved in the compre

hensibility of prose materials.
The Pictorial Illustration
In an extensive review of audiovisual research,

Campaneau (1974) found no studies that focused on non-projected still pictures.

Allen (1967) noted that with the ad-

vent of television, instructional films, and videotaping,

most of the research on media effectiveness has turned away
from concerns with textual materials.

Spaulding (1954) reviewed fourteen studies to that date
that investigated the usefulness of pictorial illustrations

in textbooks.

With one exception, the dependent
measure was
consistently preference ratings, suggesting,
as was the
case

that illustrations were considered
attention-getters.

A sub

ject would typically consider illustrations
at various positions on the printed page, of various degrees of
realism, or
in either color or black and white and would
rate the attrac

tiveness of different values of the independent variable.

Illustrations in color and/or at the top of the page were

consistently preferred.

A single experiment reviewed by Sapulding did attempt
measure learning outcomes after
or without illustrations.

a

t

presentation of prose with

Halbert (1944) equated three

groups of primary grade students on the basis of "reading
age".

Each group then read three stories.

ries with illustrations.

Group

I

saw sto-

Group II saw stories alone.

III saw illustrations alone.

Group

After each presentation the

task was to recall as much of the story as possible.

Recall

portocols were scored in "idea units" being either "relevant
or "irrelevant" to the textual material.
I

Subjects in Group

produced more "relevant" as well as more "irrelevant" idea

than those in either of the other groups.

Subjects in Group

III naturally produced few relevant ideas.

Problems in gen-

eralizing from this early research include no clear definition of "relevance", and no control of reading time.

Vernon (1953) developed

a

set of illustrations to in-

clude in short (app. 800 words) children's stories and at-

tempted to measure their effectiveness.

In contrasting the

illustrations with graphic materials, Vernon
indicated that
the pictures depicted the concepts of the
story but not

their

interrelationships.

One group of children read a story with

illustrations; one group, without.
tion was to recall the story.

Their task upon comple-

The groups were equivalent in

absolute recall of the story's information.

The story-plus-

illustrations group, however, recalled the specific concept
that was illustrated more frequently than did the other

groups.
In a subsequent study, Vernon (1954) included three

types of illustrations (photographs, line drawings, and an

"irrelevant" picture) and questioned the subjects orally on
the six "major points" of the story.

Responses were scored

subjectively according to their relevance.

She found no dif-

ference between any of the illustrated conditions and a non-

illustrated control as well as no difference among the illustrated groups.

In both of the above studies scoring proce-

dures were non-explicit and reading time was uncontrolled.
Two more recent studies, Baker and Popham (1965) and

Popham (1969), reflecting a continuing concern with the "interest" value of illustrations, investigated performance of

college students on programmed instructional units with or

without cartoons.

In one study, cartoon characters presented

the feedback information.

In the second study, the cartoon

characters "spoke" the information in

a

program frame.

The

results showed neither learning nor "interest"
gains for the
experimental group. The age level of the subjects
may have
played a role in the outcome of these experiments
such that

the cartoons were not sufficiently interesting.

Boutwell and Tennyson (1974) were interested in the
effects of imagery instructions as well as those of
"relevant"
and "irrelevant" illustrations.

All subjects read a 2,511

word passage on political revolutions.

Subjects were either

instructed to image or not so instructed.

One third of the

subjects saw "relevant" illustrations within

a text.

Here

"relevance" is defined as representing "the conceptual attri-

butes and relational attributes between concepts in the textual materials."

"Irrelevant" drawings did not represent such

information but rather "depicted the generalized topic."
final third saw no illustrations.

hanced recall.

The

Imagery instructions en-

A main effect for illustrations was also sig-

nificant and the authors interpret this as support for the
hypothesis that "the use of pictures, imagined or real, will
enhance learning."
the case.

From their own data, this is clearly not

In fact, taose subjects in the "relevant" illus-

trations condition performed no better than the no illustrations group.

The source of the main effect is the 40% in-

crease in errors for subjects in the irrelevant drawings condition, and if anything can be generalized from the experi-

ment it is the potential danger of illustrations.
Dwyer (1967) also attempted to investigate cognitive ra-

ther than affective issues in the instruction
of university
freshmen on the subject of the human heart. Four
sequences
of information presentation were devised to
test the hypothesis that the degree of realism in instructional
illustrations

may differentially affect performance on different
tasks.
To this end, five criterion tests were administered
fol-

lowing lecture presentations on the anatomy and functioning
of the heart.

Slides of abstract linear representations of

the heart's parts, detailed shaded drawings, or realistic

photographs accompanied the lecture and defined treatment
groups.

All illustrations were appropriately labelled with

the anatomical names.

tomical names.

A control group viewed only the ana-

The combined scores on the criterion measures

indicated that the less realistic illustrations were superior
to the photographs and controls.

noted:

A crucial exception is

three of the criterion measures involved labelling

the parts of the heart, and the treatment differences were

consistent; however, a fourth which called for "comprehension" and specifically the "manipulation" of the parts of the

illustration to mimic the heart's functioning showed no difference across presentation groups.

Unfortunately, data on

the "comprehension" subtest were not reported.

Relevant to the ability to manipulate illustrations, as
in the case of the "comprehension" subtest above, in textual

materials are two studies by Shepard (Shepard and Metzler,
1970; Shepard and Feng,

1972).

Both studies presented S's

with three dimensional, geometric representations
and record
ed reaction time data as S's ascertained the
identity
of a

"manipulation" or transformation of the original model.

The

first of the two studies involved a rotation of the
model on
one or two axes.

The second involved folding or rendering a

two-dimensional form three-dimensional.

The reaction time

data from presentation to choice of solution increase parallel with the time that would be required to physically per-

form the manipulation or transformations.

Although this doe

not argue directly for the storage of images in memory, it

does provide evidence that rather complex procedures can be

performed mentally on certain illustrations.
appears contrary to the results of Dwyer

»

s

This finding

(1967) comprehen-

sion subtest which indicated overall low performance on a

task involving mental manipulations of the heart's parts.

Research on pictorial illustrations is ridden with methodological problems:

reading time is frequently uncontrol

led and the dependent variable is often less than explicitly

described.

The paucity of conclusive results in this re-

search is probably nc

siderations.

.

the result of these experimental con-

It seems more likely that the weakness of this

research has been its basis in intuition and not in empiricism or in theory.

Prose Literature Review
A number of researchers have been investigating those

variables involved in the retention of prose.

Among those

variables have been the presence and position
of superordinate information in the passage and the
theme of the
passage.

This would appear to be

a

fruitful area for those interested

in justifying the use of pictorial illustrations,
in investi-

gating the range of ways in which pictures might
be effective

instructional aids, or in specifying the conditions
where illustrations can be most effective.
Gagne (19 69) presented five paragraphs of four sentences
each to groups of fourth and fifth graders.

A "superordin-

ate" group read a topic sentence at the beginning of each

paragraph that subsumed the remaining three sentences.

A

"coordinate" group read four related sentences of equal specificity.

An "unrelated" group read four unrelated sentences

in each paragraph, and a "no context" group saw each of the

specific target facts in isolation, that is to say, they saw

only five sentences.
a

Recall was measured by having S's fill

blank in each target sentences.

Although the "no context"

condition was significantly superior, the implications of recalling five out of five sentences better than recalling five
out of twenty are not of particular interest to this paper.

However, Scheffe contrasts indicated clear differences among
all four groups:

related.

no context

)>

superordinate ^ coordinate } un-

Gagne argued that the ordering of the three "con-

textual" conditions is clearly in line with Ausubel
of subsumption.

'

s

notions

A subsequent test of recognition of context-

ual information by the three "non-isolation" groups showed no
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difference across any independent variable.

This suggests

that the contextual information is learned
regardless of an
actual statement of the context.
Of particular interest to
the subsumption argument would have been
recognition of the

topic sentence relative to co-ordinate sentences.

This ana-

lysis, regrettfully, was not reported.
In a second study, Gagne and Wiegand (1970)
investigated

the effect of superordinate information when presented
at

time of recall.

The paragraph materials from a previous stu-

dy (Gagne, 1969) were used again.

The two learning condi-

tions were superordinate or co-ordinate contextual information.

The two testing conditions were presence or absence of

the appropriate superordinate sentence.

Provision of the

superordinate sentence at recall produced superior results
for S's in both learning conditions.

From this, the authors

argue that contextual information may be as facilitative at

time of retrieval as at time of learning.

A discrepancy ap-

peared in that the two learning conditions were not signifi-

cantly different, as they had been in the initial study.
However, only fourth ^rade S's participated in this study.

Scrutiny of the previous study's data showed that the effect
of the learning conditions for fourth graders had been mini-

mal relative to a substantial effect for fifth graders.

Considering the question of position and presence of

a

superordinate context sentence, Bruning (1970) presented

paragraphs in which a topic sentence appeared first (relevant
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organized context-ROC

)

,

in which a topic sentence appeared

in random position (relevant scrambled
context— RSC

)

,

or in

which no topic sentence appeared (irrelevant
scrambled context—ISC). The sentences were presented one
each on
IBM

cards that the subjects flipped through.

This procedure was

to insure the scrambledness of the non-organized
materials.

Recall of specific information was measured on
a blank filling task. Presence of superordinate contextual
information

significantly increased recall of the specific subordinate
facts.

However, the ROC condition did not differ from the

RSC condition.

Bruning argued from this that the superordin-

ate information need not be presented in even close contigu-

ity to the target information; however, this argument is

based on the acceptance of a non-rejected null hypothesis.
To support this argument Bruning analyzed reading times.

Analysis of variance yielded an insignificant F ratio and all
of the average times are not reported.

It is interesting to

note that the mean reading time for the ROC condition, however, was the shortest.

If the S's in the scrambled condi-

tions used the little extra reading time to mentally reor-

ganize the information, the non-contiguity argument may be
weakened.

In fact, Bransford and Franks (1971) suggest that

the tendency to form wholistic ideas from scrambled sentences

may be quite natural.
An important aspect of the design of this study was the
inclusion of three control groups (ROCC, RSCC, ISCC) who read
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passages identical to their appropriate experimental
partners' except for the target information which
was replaced by
another sentence. The recall test, however,
was of the taryet information. This procedure was included to
test for

specific transfer, in other words, for elements in
non-target

sentences which might affect recall of target material.

No

such transfer was detected.

Several studies have investigated the nature of the theme
of a prose passage and its effects on retention and compre-

hension.

In their widely referenced review of research on

meaningful verbal learning Welborn and English (1937) cite
two studies (Reed, 1924; Johannsen, Stirling, and Levine,
1932) which discuss questions pertinent to the issue of com-

prehension and memory for prose materials.

Although little

can be generalized from such early research it was suggested
that the abstractness of the passage to be memorized both in-

creased acquisition time and decreased retention at a twoweek interval.

Pompi and Lachman (1967) presented 79-word paragraphs
one word each on IBM cards with two orders, syntactical or

random.

It was assumed that the theme of the paragraph would

only be discernible under the syntactical condition.

Follow-

ing a two-minute exposure period S's sorted 225 words, again
on data cards, into "recognized" and "don't recognize" cate-

gories.

Subjects in the syntactical order condition made

a

significantly greater number of false-positive errors (i.e.,
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"recognizeVabsence from training) on words of high
thematic
association.

Pompi and Lachman inferred from this that
the

meaning of a paragraph may be stored as

a surrogate structure

that allows lexical substitutions on retrieval.

A corollary

to this inference is that presence of a theme may
in some

cases be prerequisite to storage.

This case for the importance of the theme resembles the
case made for superordinate information.

Knowledge of the

theme might help the reader understand the relationships
among the specific subordinate statements, or knowledge of
the theme might be prerequisite to the comprehension of each

individual subordinate statement.

Yuille and Paivio (1969) added additional variables to
the Pompi and Lachman study by varying the level of abstract-

ness

of the paragraphs and adding an additional trial.

A

recall procedure was used, but the effects of word order that
had been present in the Pompi and Lachman study did not ap-

pear until the second trial and then only for the concrete
passages.

Both total recall and number of nouns recalled

were significantly lowered as list abstractness increased.

Order of presentation, and, therefore, the implied thematicity had no effect on recall of the abstract passages.

From

this, Yuille and Paivio suggest that imagery may play a cri-

tical role in the storage of a passage's surrogate structure.

Anderson and Myrow (1971) suggest that presentation
techniques such as those employed in the two recently dis-

.
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cused studies as well as the one to follow may serve to obscure the natural connectedness of the prose and therefore
serve to decrease its comprehensibility.

This criticism

seems particularly important given the interaction of pre-

sentation technique and level of abstractness of the Yuille
and Paivio passages.

One might also speculate that subjects

reading abstract passages in syntactical order were unable to
discern the theme.

Is this factor operating to produce a

main effect for abstractness in the Yuille and Paivio study
or is it the postulated imageability effect?

Pompi

and.

Lach-

man had argued that the structure of the discourse was critical to the storage of the passage theme.

Yuille and Paivio

demonstrated that this is not necessarily the case for abstract materials.

A pertinent query would concern those mod-

ifications that are critical to the storage of abstract materials.

In a similar study, Dooling and Lachman (1971) presented

highly metaphorical passages again on data cards with neither
capitalization nor punctuation to two groups of subjects.
Each card presented a short phrase of three to six words.
The experimental group received an appropriate statement of
the thematic content of the card deck in the form of a title

Supplying a title in this way significantly increased the level of recall for the experimental subjects 18% over that of
the no-title group.

Although statistically significant

,

the

18% increase in recall represented an absolute increase of
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only 2.5 out of 77 words.

Support for the effect of the theme in
increasing comprehension comes in experiment II in which
theme-related
words were recognized significantly more often
than non-related or function words. This result, however,
was not upheld in the recall protocols where low thematic words
were
also remembered more frequently by the experimental
group.
It is interesting to note that of those 180 experimental
subjects' post-experimental paragraphs of the deck's story only
116 were rated as reflecting an "understanding" of the theme.

The Anderson and Myrow (1971) criticism of the presentation

technique appears upheld.

Using explicitly non-metaphorical prose passages Bransford and Johnson (1972) argue that retention is a function of
the presence, appropriateness,

and activation of prior know-

ledge and not a function of passage theme.

presented by a tape recorder.

The passages were

Two groups saw an illustration

which depicted all elements of the passage in such a way that

relationships between elements in the passage were represented.

The Context Before group saw the illustration prior to

hearing the passage.

Context After S's saw the illustration

after passage presentation.

Partial Context S's saw the ele-

ments of the passage depicted in such
ships were obscured.

a

way that relation-

No Context S's saw no illustrations.

Dependent measures were comprehensibility ratings and ideaunit recall.

The Context Before condition was clearly su-

16

perior on both measures.

This result is at variance with

Bruning's argument that superordinate information need
not
precede subordinate information. Bransford and Johnson

ar-

gued that the Context Before condition establishes a know-

ledge structure that facilitates comprehension of the subse-

quent prose.
To generate prose materials to be used in an experiment
so that they will be essentially arbitrary bits of informa-

tion without an appropriate theme or context requires some

effort (cf. Dooling and Lachman, 1971,

p.

Bransford

217).

and Johnson (1971) reported no difference in any of their

three standard conditions (topic before, topic after, no topic) for a non-metaphorical passage that was in and of itself

highly comprehensible.

One might argue that S's were able to

activate appropriate prior knowledge themselves.

This sug-

gests that facilitation can only be demonstrated experiment-

ally when S's themselves can not supply efficient context to
subsume the passage information.

One last point worth noting in the Bransford and Johnson
(1972) study was the use of an illustration demonstrating

complete or partial context information.

They pointed out

that no mere "statement" of theme or topic would have been

equivalent to the Context Before illustration.

Since the

passage was novel information, no statement of theme could
serve to activate what failed to exist in memory.

The au-

thors argued that it would have taken several paragraphs to

identify all the components of the context picture and to de-

17

scribe the relationships among them.

One might pause here to

consider the research on superordinate
information, contextual information, and passage theme. Presentation
of each of
these elements of prose might effectively be
accomplished by

embellishing the text with illustrations.

In fact, as Brans-

ford and Johnson (1972) have pointed out, illustrations
may

be more versatile than words.
If increased comprehensibility of prose materials can
be

accomplished by accessing appropriate cognitive structures
with a statement of passage topic or a detailed cartoon, then
what can be done with those materials for which no appropriate knowledge structure exists?

Or,

to return to the Yuille

and Paivio (1969) study, what can be done for "abstract" pas-

sages where no theme effect is present?

Royer and Cable (in press) using a transfer paradigm
have considered this question.

Two sets of prose passages

describing heat flow and electrical conduction were created,
such that one set contained many concrete referents for the

elements and principles described in the passage.

These con-

crete referents were in the form of elaborate analogies.

The

other set of passages discussed the same topic, but in a
style devoid of such referents or abstract (A).

In a con-

crete passage (C), for example, the effects of a magnetic
field on the flow of electricity in a bar of metal would be

compared to strong winds blowing across a parking lot which
cyclists (electrons) were peddling through.

The authors pre-

18

dieted facilitation of learning a second
passage written abstractly in the condition where the first
passage read contained concrete referents appropriate to both
passages. Thus
a subject in this condition would read
a discussion of heat
flow written with concrete referents (HC) and
then read and
subsequently recall an abstract passage on electrical
conduction (EA).

Two provisions were made to assess specific transfer.
This was done so that facilitation could be attributed
to the

establishment of

a

cognitive structure and not to the infor-

mation itself of the first passage read.

First, the passages

were constructed in parallel organization.

The first segment

of each passage introduced the topic of the passage (i.e.,

heat or electricity).

The second segment which was common to

all passages was a discussion of the crystalline structure of

metals.

A third section discussed two factors, for example,

pressure and impurities, which impeded the specific pheno-

menon presented in the passage.

Specific transfer was ex-

pected to occur, according to identical elements theory,

within the second segment of the passage.
periment

I

was performed.

To check this, ex-

Subjects read initial passages

identical to those that would be read in the second experiment.
a

After completion of the first passage they were given

version of

a second

passage on the alternate topic from

which nouns and adjectives had been deleted.

Their task was

to read through the booklet and fill in the blanks as best

19

they could.

The assumption here was that any transfer
ef-

fects due to specific information in the initial
passage

would be detected in comparison to performance of
a control
group receiving no initial passage. The bulk of specific

transfer was, in fact, detected within the second segment
of
the second passage.

In Experiment II subjects read complete versions of both
initial and second passages and were asked to recall as much
as they could of rhe second passage.

The unit of analysis

for recall was idea units which roughly corresponded to sent-

ential phrases and clauses.

Performance by subjects who read a conrete initial passage relative to performance of those subjects reading ab-

stract or irrelevant initial passages was analyzed in three
ways.

The first analysis was

a total

passage recall; the

second, whole passage recall with those idea units subject to

specific transfer removed; and third, recall of the third

unique factors segment.

A main effect for type of initial

passage was significant for each dependent variable.

That

the effect holds up for the unique factors segment is strong

evidence that non-specific transfer has taken place.

The su-

perior performance in the concrete-abstract condition for all
three analyses was taken as evidence that a cognitive struc-

ture had been established.

The authors suggested that the

concrete analogies might have served as imaginal representations that would aid comprehension (i.e., subsumption) of

20

subsequent related material.

However, at least two different

interpretations can be made.

Larry Frase (personal communication)
has offered an alternative explanation. The argument here

is one based on the

style of the passages and not the content.

Initial material

which is presented in an entertaining and
readable manner may
focus the reader's attention which may in fact
continue to be

focused for subsequent material.

Proceeding on this argument

one would expect that difficult or boring
material would have

negative effect on learning and that perhaps even
unrelated
but interesting and readable material would show
facilitative
a

effects.

Scrutiny of the Royer and Cable data show that, al-

though non-significant, the directionality of the data for
groups reading the abstract and control (an easy discussion
on myths and legends) initial passages is congruent with this

argument.

With or without the specific transfer material re-

moved from the analysis, the abstract-abstract condition was
inferior to the myths and legends control.

Groteloeschen and Sjorgen (1968) reported an attempt to
establish a cognitive structure that yielded a similar and
unpredicted result.

Four groups of S's were to complete

units of programmed instruction on number systems (e.g. base
10,

base 4).

Introductory materials and their predicted or-

der of facilitation for subsequent related materials were

units on

1)

principles of number base systems,

2)

the base

seven system,

3)

ber systems.

Dependent measures were correct responses on

the base ten system, and 4) history of num-
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the first trial with a base four
program and total errors and
number of trials to criterion. it is
noteworthy that although the introductory treatments
were differentially significant in affecting performance on the
second program, the
predicted order only approached significance.
in fact, on
the correct response measure it was the
base seven condition

which was superior.

The experimental paradigm was somewhat

confounded by varying the order of the frames
in the base
four material, and by the differential amounts
of time

spent

on the introductory materials.

Although the "principles"

condition was superior in terms of total errors and
trials to

criterion it was highly dependent upon the sequencing of the
frames in the base four program, for if the frames were lo-

gically as opposed to randomly sequenced, it was the base seven condition which was again superior.
It seems possible, given the nature of prior knowledge

of the base ten system that the learning of the base seven

may have been more interesting and readable than the "principles" material for the adult participants (age 25-51), thus

supporting the mathem genics argument.
.

Or it may have been

that the base seven program serving as a concrete referent
for the principles of number systems was in fact superior to
the abstract "principles" program.

This could support the

cognitive structure argument.
A second explanation of the Royer and Cable result is
that the text in which the analogies, the principle vehicles

for the concrete referents, were embedded
was significantly
less obtuse than the similar sections of
the abstract text.
The reader will remember that the abstract
passages in the
Royer and Cable study were designed to serve
both as initial
and secondary materials.
The argument based on the embedding
text is that the concrete passage, without the
analogies,

provides semantic referents for the difficult
vocabulary of
the abstract second passage. Although this argument
would

predict the same results as were obtained in the original
study, it is hedged somewhat by the fact that the
subjects in

the C-A condition actually outperformed those subjects in
the
C-C condition.

The interpretation based on the semantics of

the embedding text would also predict facilitation from a

concrete initial passage with

a

concrete second passage.

No

such effect, however, was obtained.

Present Study
The purpose of the study to be reported in this thesis

was twofold.

First, the study was designed to verify the fa-

cilitory effects of concrete referents in an initial prose
passage on the retention of subsequent, related material.
This was done in a way that would lend support to the sub-

sumption argument over either a mathemagenics interpretation
or an interpretation based on the semantic referents in the

embedding text.
If it is the case that appropriate analogies provide

concrete referents that can facilitate comprehension of sub-
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sequent information, then simple line drawings
adjoining even
an abstract (A) initial passage should produce
similar facilitation.
It was assumed that by choosing the (A)
text and
crude line drawings the interest level would be much
lower

than for a passage of unusual verbal analogies.

Similarly if the brief analogies themselves are embedded
in the abstract text then an interpretation based on the se-

mantics of the embedding text is somewhat reduced.

Royer and

Cable had argued that the analogies themselves make contact

with familiar knowledge and open bridges to the acquisition
of new related information.

If the analogies alone are the

vehicle for this information, then the embedding text should
be of little consequence.

This argument can be extended to

encompass the abstract passage with illustrations treatment.
This study was also designed to demonstrate that care-

fully chosen illustrations can be effective instructional
aids, and might serve as imaginal representations that faci-

litate comprehension of subsequent material.
The limitations of the treatments are:

1)

comprehension

of the abstract-illustrated initial passage may have elicited

interest equivalent to that produced by the entertaining analogies, and

2)

one might still argue that the analogies them-

selves provide sufficient semantic referents for subsequently

obtuse text.
As was pointed out earlier, any attempt to demonstrate

facilitated learning of a second passage must account for

possible specific transfer effects.

The prose passages ex-

amined for such transfer in the Royer
and Cable (in press)
study do not seem subject to such
contamination. The results
of a cloze task with data on 1100
words in the passage indicate specific transfer on only 29 blanks.
Since this figure
roughly coincides with a five percent chance
level, it was
assumed for the present study that the Royer
and Cable passages are sufficiently free of material
subject to specific
transfer that a cloze procedure need not be
implemented.

Predictions
The predicted outcomes for this study follow the
argu-

ments put forth in Royer and Cable (in press).
tial passages,

Both new ini-

the abstract text with accompanying illustra-

tions and the abstract text with embedded analogies, are ex-

pected to produce facilitation equivalent to that of the
"concrete" passage in Royer and Cable (in press).

Subjects

in any of these conditions are expected to outperform those

subjects reading "abstract" or irrelevant initial passages.
Essentially, two main treatments are proposed:

provides concrete referents in one of three ways

one treatment
(I,

C, Aa)

and one treatment provides no concrete referents in two ways
(A, M).

Within each of these two sets, no difference in mean

performance is predicted.
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CHAPTER

II

METHOD
Subjects

Eighty subjects were recruited from undergraduate
sections of an Educational Psychology course and received
course
credit for their participation.

Materials
In addition to those passages described in Royer and

Cable (in press), two new passages consisted of the verbal
text of the abstract passages embellished by

a

series of five

illustrations, and two passages consisted of the analogies
from the concrete passages embedded within the abstract passages.

The illustrations that embellished the two "abstract"

passages on heat flow and electrical conductivity were inserted into the passages at positions such that all material

referring to the illustration immediately followed its presentation.
page.

No other text was included on that particular

The abstract passages were otherwise unchanged.

The

illustrations were a series of five linear drawings representing the crystalline structure of metals as well as those

forces discussed within the passage that act on the crystalline structure to impede the flow of energy through the metal.

In other words, the illustrations depicted both structur-

al components and relationships as the components are acted
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upon.

This series of illustrations was included in the
text

of each of the abstract passages

(

HA I , heat flow abstract-il-

lustrated; EAI, electrical conductivity abstract-illustrated),

The abstract-plus analogies (Aa) passage was created by

replacing that material in the abstract passage which paraphrased the analogy with the analogy itself.

All passages

are reproduced in Appendix A.

Design

There were five groups in this experiment.
each group read two prose passages.
one of the following:

Subjects in

The initial passage was

abstract (A), concrete (C), embedded

analogies (Aa), illustrated (I), or an irrelevant passage on
myths and legends (M).
stract (A) passage.

The second passage was always an ab-

In addition, one half the subjects in

each group received initial passages on heat and second passages on electricity; this order was reversed for the remain-

ing subjects.

Procedure
Each subject, upon arrival to the experimental room, was
given an envelope containing two passages and
booklet.

a

response

Those subjects whose envelopes were coded such that

their initial passage was illustrated (I) were directed to

separate section of the room.

a

Subjects were instructed to re

move only the first passage from their envelope and to read

it slowly and carefully twice.

nothing regarding a test.

At this point they were told

When all had finished they were

instructed to replace the first passage and withdraw the
second.

They were told to read as carefully as they had for

the first passage and told that a test would follow.

one-half minutes reading time per page was allowed.

One and

Upon

completion, subjects were instructed to replace the second

passage and to write down, in the response booklet, everything they could remember from the second passage.

They were

given as much time as desired.

Scoring

Protocols were scored against the list of idea units established in Royer and Cable (in press) by two independent
judges.

Both judges were unaware of the treatment group to which
any protocol belonged.
of .98 was obtained.

An interrater reliability coefficient
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CHAPTER

III

RESULTS
Overall Analysis

Analyses of variance were performed on whole
passage recall and recall of the third segment of the
passage which
presented the unique factors that inhibit the flow
of the

form of energy discussed in the passage.

An analysis of the

unique factors recall was performed as a partial
check for

nonspecific transfer.
For whole passage recall, the dependent variable was
the

proportion of idea units recalled.

For the unique factors

recall the dependent variable was the proportion of idea

units recalled from the last segment of the target passage
where two unique factors impeding the flow of energy presented earlier in the passage were presented.

Table

I

presents the mean proportion of idea units re-

called by each experimental group.
For both whole passage recall and unique factors recall
a

5

(treatment condition) x

2

(type of second passage) analy-

sis of variance revealed a significant effect due to type of

initial passage.

For whole passage recall F (4, 70) equalled

.001;

for unique factors recall F (4, 70) equalled

4.50, p<.005.

For neither analysis was the type of second

6.16,

p<

passage

a

significant source of variance.
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TABLE

I

Mean Proportion of Idea Units Recalled
for Both Dependent Variables

Type of Initial
Passage

Whole Passage
Recall

Unique Factors
Recall

1

.252

.289

C

.265

.260

Aa

-.218

.238

A

.128

.095

M

.151

.118
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Planned Comparisions

Since three of the five initial passages

(I,

Aa, C) were

expected to facilitate learning of the second
passage, and
two initial passages (A, M) were not,
the

comparison of in-

terest to the predictions was between the
grand means for
each of these two treatment groups. It is
essential to make
this comparision in order that the significance
of the overall analyses not be attributable to unpredicted
performance

by any one group.
For each of the dependent variables
out to examine this difference.

a t

test was carried

The value of t

passage recall was 4.7, p<.001.

The value of

?Q
t

for whole

?Q

for unique

factors recall was 4.1, p^.001.
Post Hoc Comparisions

The Neumann-Kuels technique for examining differences

between individual means was subsequently employed in
ther analysis of the data.

a fur-

This procedure was done to test

any unpredicted differences among individual means.

Of spe-

cial interest here would be any difference among the three

concrete groups' performance.

Testing at the .05 level this procedure revealed that
although each of the tnree concrete groups

differed from the abstract
among themselves.
from the (M) group.

(A)

(C,

Aa,

and I)

group they did not differ

Similarly the

(A)

group did not differ

With whole passage recall as the depend-

ent variable the (Aa) group was not significantly different

from the (M) group although it was from
the (A) group
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CHAPTER

IV

DISCUSSION
The purpose of this study was to verify
that concrete
referents in an initial prose passage facilitate
the retention of subsequent, related material. The
results provide

substantial support for the hypothesis.

Two initial passages

were created to present concrete referents to the
reader, but
also in ways less subject to contaminating factors
than in an

earlier study (Royer and Cable, in press).
suggested that the label for such

a

Snow (1974) has

procedure might refer to

the ecological validity of a program of research.

He argues

that if one wants to generalize to a population of treat-

ments, in this case the many ways of providing concrete referents, one must select several representative treatments.

The results of this study, therefore, not only replicate an

earlier finding, but also enhance its generalizability.

The

predictions that each of the new treatments would produce fa-

cilitation equivalent to tne concrete

(C)

treatment of the

Royer and Cable (in press) study but yet neither differ from
it nor between themselves were confirmed.

Both new passages, Aa and I, were designed to verify
that the facilitory effects of a C initial passage were due
to the establishment/activation of a concrete knowledge struc-

ture within the reader and not attributable to interest level
or the semantic referents provided in the embedding text.

That both passages produce facilitation
that was statistically
equivalent to that of the C passage is
substantially supportive.
It should be noted that tue minimum
gain in retention
by any concrete group relative to the abstract
group is over
60%.

The practical implications of the facilitation
produced

by an

I

initial passage are worth specific consideration.

The design of instructional materials that might
precede

highly abstract materials requires some effort.

Numerous

analogies were considered and discarded before the Royer
and Cable passages were constructed. An analogy must not only
be

appropriate but must also refer to elements which exist in a
reader's knowledge structure.

Illustrations accompanying

text have the advantage of conveying all the necessary in-

formation.

In addition, the amendment of illustrations to

existing materials is certainly a viable alternative to the

incorporation of elaborate verbal analogies.
Research with pictorial illustrations has consistently

been plagued by the control of reading time.

A story without

illustrations may not require the same reading/study time as
an illustrated one.

The use of a transfer task neatly cir-

cumvents that methodological problem.

Whereas all subjects

were allowed one and one-half minutes per page on the target
information, they were given as much time as desired on the
initial introductory materials.

Thus a transfer paradigm

lends itself to future research on any instructional aid
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where time involved with the aid and
the target material
might otherwise be left confounded.

Several limitations of this study have
been previously
discussed. The Aa passages may still
provide semantic referents for the text of the target material.
Furthermore, comprehension of both the Aa and I initial
passages may elicit
interest equivalent to that of an unusual C
passage.

Still another problem remains concerning both
the use of
illustrations in instructional materials and the
benefits in

early contact with or establishment of
the reader.

a

knowledge base in

All the materials in this study have been singu-

larly scientific in nature.

An important step in research

with prose would be to investigate questions concerning the
structure of knowledge with topics from fiction or history or
philosophy.

This is clearly in keeping with Snow's (1974)

notion of representativeness.
Similarly, Perkins and Royer (in preparation) have looked at the stability of such facilitory effects over time by

inserting a week's delay between the reading of the initial
and secondary passages.

This manipulation, designed to also

extend the generalizability of the initial finding, was succuessful.

Subjects reading

a

concrete passage one week prior

to reading an abstract second passage outperformed those sub-

jects reading abstract initial passages.

In summary, two new metnods of facilitating learning
from prose materials have been described, tested and confirm-

ed in their effectiveness,

Practical and methodological

plications of the study as well as its limitations
were
cussed.
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Appendix:

Passages Used in the Study

Myths and Legends

Anthropologists have identified three different
types of
prose narratives.
These types of prose narratives are
known

as myths,

legends and folktales.

However, this passage will

only be concerned with the first two:

myths and legends.

Myths and legends are factual (in the sense of belief) prose
narratives that form part of man's verbal art.

Myths are prose narratives which, in the society in
which they are told, are considered to be truthful accounts
of what happened in the remote past.

For example, myths may

account for the origin of the world, of mankind, of death or

may explain some phenomenon in nature as geographical features.

The characters in myths are gods or other types of

supernatural beings that act with supernatural forces in the
remote, unfamiliar past or in another world.

The society in

which the myth is told always has

believing atti-

tude toward the myth.

a sacred or

Furthermore, myths are accepted on

faith as authoritative answers to ignorance or doubt.

Legends are prose narratives which, like myths, are regarded as true in the society in which they are told, but
they are set in a period considered less remote, when the

world was much as it is today (for that society).
ple,

For exam-

legends may tell of migrations, wars and victories.

The

characters in legends are human beings such as heros, soldiers

or kings that have acted in the recent
and familiar past.

The society regards the legend as a secular
or wordly story
in which some type of human action or behavior
is described.
Unlike a myth which explains occurances, a legend
only functions to describe an event. Legends may be considered
a

counterpart to written history.
Before the beginning of things there was nothing but
mud.
Sa.

The world was uninhabited except by the earth spirit,

One day the gods descended from heaven to visit Sa.

But

the gods were shocked by this state of affairs and reproached
Sa fiercely saying that he had created a place without light,

without plants and without living beings.
What the gods had said made Sa very angry.

Sa remember-

ed that he had been given the powers of creation and light,

and realized that he must use them to rid the earth of dark-

ness and mud.

Then he set out determined to remedy the situ-

ation.
First, Sa would use his power of light to cast the world

out of darkness.

But the world was large and this could not

be accomplished in one day.

Sa took ten

every corner of the barren world.

days to travel to

And everywhere he went he

used his power of light to send away the darkness.

Soon the

eartn was filled with light, and when Sa saw this he felt

very important with his power to make light.

Now the sky

around the earth was white instead of black and the air was

very clean but still very empty.

38

Again Sa used his power of light.

He used the light to

dry the mud so that agriculture could
begin.

Next Sa created

seeds and as they fell on the soil he shed
light on them so
that they might grow.

Lastly Sa would create living beings to inhabit
the
earth.

Sa would create living beings that could eat
the

plants and the plants in turn would grow in the light
he had
provided.
Sa realized that his plan was successful

and this

made him feel indispensible
But before Sa could create living beings to inhabit the
earth, a terrible fate struck Sa, the earth spirit.

The gods

became jealous of Sa's success and took away his powers.

Then they sent death in the form of

a

vast ocean that engulf-

ed Sa and the entire earth.

This myth of Sa tells why the earth became covered with

ocean at the beginning of things.

Hundreds of years ago our land was under siege.

The

countryside was plundered including the kingdom of Nya.

One

day the people came to Nya, the famous warrior whose kingdom
was still besieged.

These people came to Nya to plead that

he put an end to the siege of their land saying that they had

been without security, without crops and without shelter for

many months.
What the people had said made Nya very angry.

Nya re-

alized that he would need the help of the General and the
Prince, and he called them to obtain their forces to help end
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the siege of their kingdown.

Then together they talked, de-

termined to remedy the situation.

First Nya would send out the General into the kingdom
to
cast out the enemy.

But the enemy was strong and this could

not be accomplished in one day.

The General took ten days to

travel around every corner of Nya's kingdom.

And everywhere

he went he used his powerful army to defeat the enemy.

Soon

the kingdom was once again secure and when Nya saw this he

highly praised the General for making his kingdom secure.
Now the people around the kingdom were happy instead of

frightened and the town was content but still needed food.
Before Nya carried out the second step in his plan he
went to visit an old man who once in
saved Nya's life.

a

battle

a

long time ago

This old man lived in a hut and the hut

was near Nya's castle.

Nya brought food for him and together

they ate and talked about the battle of long ago.

Afterwards

Nya returned to his castle.

Again Nya sent out the General.
dered his army to plow the soil.

The General first or-

Next the army planted seeds

and watered them so that they might grow.

Lastly Nya would have shelters built for the inhabitants
of his kingdom.

These shelters would provide warm places

where the people could live and eat.

Nya realized that his

plan was successful and this made him feel very happy.

But before Nya could send the Prince into the forest to
cut down trees for shelters, a terrible misfortune struck Nya

and his kingdom.
the land.

Sudden rains and storms came and flooded

Nya ran with his people to the highest hill but

the floods were too great.

And Nya and his people perished

in the floods.

We tell this sad legend to remember the brave warrior

Nya and his grateful people.
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Heat Flow

-

Abstract

The term "heat flow" is an abstraction
invented by man
rather than a representation of physical
reality. That is,
heat is not detectable by any of our
sensory mechanisms. Rather, what we do detect is a change in
temperature, and the
notion of heat flow was invented to fill a
gap in our logic.
In this passage we will be discussing how
heat is transferred
from one location to another within the
confines of a metallic medium.
The term used to describe such transfer is
known
as conduction.
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Heat transfer is best conceptualized as the
transfer of
motion. In the case of conduction this transfer
occurs
through some solid physical medium, such as metal.

If we

were able to examine a bar of metal through an extremely
powerful microscope we would see that the interior of the bar

consists of a series of crystal lattices, with each lattice

consisting of many tightly bonded atoms.

In a metal which is

an efficient conductor of heat, each of the atoms has associ-

ated with it one or more "free floating" electrons.

Each

crystal lattice, then, consists of an orderly array of atoms

surrounded by a cloud of electrons which are not attached to
any particular atom but are free to move at random through
the confines of the lattice.
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The overall regularity in the
crystalline structure of a
metal is highly significant in that
substance's particular
ability to more efficiently and more
quickly transmit heat.
In a substance where the crystalline
structure is irregular
or randomized, much of the energy of
the thermal agitation is
lost in the vibrating of particles which
have no significant
contact with particles in the direction
opposite the heat
sources.
Under conditions of constant temperature
throughout
the bar of metal, the individual crystal
lattices making up
the bar, and the free electrons within the
lattices, have a
velocity of thermal agitation that is roughly
equivalent to
the statistical average of the thermal agitation
velocity for
the entire bar.

This velocity in turn corresponds to the

temperature of the bar.

As the temperature of the entire bar

increases, there will be a concomitant increase in the velo-

city of thermal agitation.

Within the crystal lattices the

free electrons move at random but are deflected and scattered

by collisions with other electrons or with the bonded atoms
in the lattice.
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If we now apply a heat source to one end of a constant

temperature bar a number of things occur.

The free electrons

within the lattices near the heat source acquire a velocity
greater than the electrons within the remainder of the bar.
This increased agitation results in a higher number of collisions occurring between the free electrons and the bonded

atoms and among the free electrons themselves.

These colli-

sions in turn agitate the atoms and electrons being struck
and cause them to collide with other particles within the

lattice.

The agitation occurring within one lattice produced

a similar agitation

within surrounding lattices and eventual-

ly this increased thermal agitation velocity is transmitted

the length of the bar.

This transmission of agitation velo-

city is accompanied by temperature changes throughout the
bar.

Thus, by applying a heat source to one end of the bar

we eventually produce a higher degree of thermal agitation
for all of the lattices making up the bar.

This increased

agitation in turn increases the temperature of the entire
bar.
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Two factors which affect the flow of
heat in a bar of
metal are pressure and impurities in the metal.
The application of pressure to a heat conducting medium
produces a distortion of the crystalline structure with a resulting
loss in
the efficiency of the material as a heat conducting
medium.
The reason for this is twofold.

First, pressure serves to

break the bonds between the crystal arrays.

Second, the

pressure distorts the symmetry of the crystalline structures.
Both of these factors result in a disturbance of the thermal
agitation.

Units which are previously directly colliding

with each other will now only obliquely collide, with a resultant loss or waste of energy.
form are prohibitive to heat flow.

Collisions of the latter
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The presence of a foreign particle
or impurity in the
chemical composition of the metal also
reduces the efficiency
of heat transfer in the medium.

This is because the particle

produces a distortion in the structural
symmetry of the crystal lattices.
The result is that some of the molecules
in
the medium will be moved into oblique
positions, with a resultant loss of efficiency of thermal agitation
transfer.

The impurity produces this loss of efficiency
in two ways.
It absorbs some of the energy instead of
passing it on, and

because of the fact that the impurity is not as
structurally
bonded as the crystal lattices, it moves erratically
thereby

disturbing the normal transfer of energy.
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Electrical Conductivity

-

Abstract

Electrical conductivity is a property present
to various
degrees in materials and concerns the extent to
which that

material allows the flow of electrical current through
itself.

The current flow actually consists of many negatively

charged electrons migrating toward an attracting positive
pole.

This attraction is similar to the attracting charac-

teristics of opposite magnetic poles.
The capability of a material to conduct electricity is

determined by a number of physical properties; the atomic and
crystalline structure of the material, the thermal state of
the material, and magnetic influences on the substance.
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In general, the most efficient conductors of
electricity
are metallic in nature.

Metals are highly efficient conduc-

tors because they possess two physical properties
critical to

efficient conduction.

Those features are the presence of un-

bonded electrons and a highly regular molecular structure.
Sufficient magnification of a particle of metal would reveal
an interior structure consisting of bonded molecules arranged

in a systematic order.

crystal lattices.

These regular structures are known as

A further examination of these structures

would reveal considerable "open space" in and around the
structures and that unbonded electrons were moving at random

through these spaces.
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When the negative and positive poles of
a current source
such as a battery are attached to a
bar of metal free
elec-

trons from the battery pass into the bar.

At the same time

unbonded electrons from the metal are attracted
by and begin
to flow into the positive pole of the
battery. The abundance
of electrons in one area of the bar coupled
with the reduction in electrons in the other end results in
a stabilization
action whereby electrons are migrating from the
negative to
the positive pole of the battery.
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Two other factors which influence
the degree of conductivity of a material are its thermal
state and the presence
of a nearby magnetic force field.
The degree of conductivity
of a substance is dependent upon
the thermal state of the medium because an increase in thermal
energy results in a higher thermal agitation velocity among
the crystalline structure
units.
The resultant increase in agitation
velocity in turn
increases the probability of collisions
between the current
electrons and the vibrating structural units.
This increase
in collision rate results in restricted
current flow.

Because the free electrons play an
integral part in the
flow of current through a medium, it
is important to
note

that the presence of relatively few
of these loosely bonded
particles would greatly restrict the
potential current flow.
Likewise, the degree of regularity within
the crystalline
structure influences the conductive efficiency
of the medium
The relationship between the internal
structural regularity
and the passage of electrons through the
medium is such that
a symmetrical structural array permits
a greater number of

electrons to pass, and, conversely, an irregular
structure,
by increasing the probability of collisions between
the elec
trons and the molecular units would greatly decrease
conduc-

tivity.
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A magnetic force field can also
decrease current flow.
This decrease occurs due to a restriction
in the conducting
surface of the medium and the resultant
increase in
inter-

electron collisions.

The presence of a negative force
field

near a conductive medium would force the
similarly charged
electrons passing through the medium towards
the side of the
medium opposite the direction of the force field.
The resultant crowding of the current electrons through
such a restricted spcae will necessarily decrease the amount
of current which can pass through the medium in a given
amount of
time.

The presence of the force field not only restricts
the

conducting space of the medium but also increases the
fre-

quency of inter-electron collisions.

As the moving electrons

are initially repelled by the force field, in seeking to flow

both towards the positive pole of the medium and away from
the force field they will more frequently collide among themselves, thus further restricting current flow.
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Electrical Conductivity

-

Concrete

The capability of some substance to
allow the passage of
an electrical current through itself is
known as its electrical conductivity.
This current is actually many negatively charged particles known as electrons moving
toward a positive pole which attracts the electrons. This
is similar to
the attraction we see when the negative pole of
a magnet is

moved into the vicinity of a positive magnetic pole.

The capability of a substance to conduct electricity is
determined by such characteristics as the atomic and crystalline structure of the substance, the temperature of the material, and magnetic influences on the material.
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As a whole, the best conductors are the group
of elements and substances we call metals. Metals
are particularly
good conductors because they possess two
features that are
very important for efficient conduction of electricity.

These features are free electrons within the material
and

regular crystalline structure.

a

If we were to magnify the in-

terior of a good conductor (say, copper or silver) we would
see that it consisted of many regular crystalline box-like

structures joined together.

We would see that the sides of

the boxes were open and that passing in and through these

box-like structures there would be many small particles
(

electrons

)

When the negative and positive poles
of a current source
such as a battery are attached to a
bar of metal, electrons
pass from the negative pole of the battery
into the bar.

the same time,

At

free electrons from the metal are
attracted by

and flow into the positive pole of the battery.

Thus,

a cur-

rent flow is established whereby electrons
are passing
through the metal from the negative to the positive
poles of
the battery.
Notice that it is important that the conducting

material contain free electrons.

If there were few free

electrons available in the material the current flow would
be

greatly restricted.

Likewise, if the internal structure of

'

the material was irregular, there would be a restriction in

current flow.
One can picture this by comparing the box-like crystalline units and their arrangement to rows of cars in a parking
lot.

If the arrangement of the crystalline units is irregu-

lar or haphazard, passage of electrons through the bar of metal would be as difficult as 100 cyclists speeding through a

parking lot in which the cars were not parked in neat parallel rows but

scatters randomly

in the pavement.

If the

crystalline arrangement is neat and regular the electrons can
pass relatively unimpeded through the bar because collisions

with the structural units and the other electrons in the current would occur much more infrequently.

Two other factors which influence the
conductivity of a
substance are its temperature and the
presence of any magnetic force near the substance.
In the case of an increase in
temperature the crystalline units will begin to
vibrate thus
increasing the likelihood that electrons passing
through the

medium will collide with the units and thereby reduce
the
conductivity.

Let us reconsider the parking lot analogy.

Even if the cars were neatly parked but began to move
quickly
back and forth about their original position, the trouble

which the cyclists would encounter would obviously be increased

.

The presence of a magnetic force can
also decrease the
current flow by restricting in size the
available space in
the bar of metal that the electrons
can pass through.
For
example, if we hold the negative pole of
a magnet near our
conducting metal bar, the electrons in the
current, because
of their negative charge, would be repelled
and forced to

travel only through the side of the bar furthest
from the
magnet. The result would be not only an increase
in collisions between the electrons, but also a decrease in

the num-

ber of electrons which could pass through the bar during
a

given period of time.

If we subject the cyclists to an ex-

tremely strong wind blowing across the parking lot for some
interval through which they must peddle, they will have to
slow down and merge with those cyclists furthest from the

wind or they shall most likely collide.

Just as they are

forced into a restricted path so are the current electrons
a bar

which is subject to magnetic force.

i
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Heat Flow

-

Concrete

The term "heat flow" is a descriptive
concept invented
by man rather than a representation of
physical reality.
That is, we can not see, feel, hear, taste,
or smell heat.

Rather, what we can see and feel is a change
in temperature
The idea of heat flow was invented to fill
a gap in our logic.

In this passage we will be discussing how
heat is

transferred from one location to another in a bar of
metal
such as iron.

The term used to describe such transfer is

known as conduction.
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Heat transfer actually involves the
transfer of molecular motion.
In the case of conduction this
transfer of motion occurs through a solid substance
such as
our bar of

iron.

If we were able to examine a bar of
iron through an
extremely powerful microscope, we would see
that the interior
consists of a series of regular shaped and
spaced structural
units known as crystal lattices. In order
to picture these
lattices, imagine a box made of many tinker-toys;
the inside,
as well as the outside consisting of joined
parts.
The solid
round parts of the tinker-toys would correspond
to the mole-

cules within the crystal lattice.

The interior of the bar

consists of many of these "boxes" joined together.

In our

bar of iron, which is a good conductor of heat, each of
the

bonded molecules within is a good conductor of heat, each of
the bonded molecules within the lattice has associated with
it several "free-floating" electrons.

Each crystal lattice,

then, is an orderly array of molecules surrounded by a cloud

of electrons which are not attached to any particular molecule, but are free to move at random through the lattice.

You can picture this by imagining many tiny particles floating through the series of tinker-toy boxes.

'

In our bar of iron, the lattices
making up the bar, and

the electrons within the lattices, are
all in constant motion.
For the lattices, this motion consists
of back and
forth vibrations. The electrons are also in
motion but moving at random through the lattices. When
the entire bar of
iron is at a constant temperature, the movement
(agitation)
of all the lattices and electrons is occurring
at the same

speed or velocity.

Thus, if we were to look at the velocity

of any individual lattice or electron, it would be
about the
same as the average velocity of all the rest of the lattices

and electrons in the bar.

The agitation velocity corresponds

to the temperature in the bar.

That is, as the temperature

of the bar increases, there is also an increase in agitation

velocity.

If we now heat one end of our iron
bar several things
happen.
The free electrons and the lattices
near the heat
source begin to move more rapidly than
those in "the remainder
of the bar.
This increased agitation results in
a higher

number of collisions between the free electrons
and the bonded atoms and among the free electrons
themselves.
These collisions agitate the atoms and electrons being
struck and
cause them to collide in turn with other nearly
particles.

The agitation occurring within one lattice produces

agitation within surrounding lattices.

a

similar

Eventually this in-

creased agitation is transmitted the length of the bar.

The

transmission of agitation velocity corresponds to temperature
changes throughout the bar.

Thus, by applying a heat source

to one end of the bar, we eventually produce a higher degree

of agitation for all the lattices making up the bar, which is

noticeable as an increase in temperature.
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Two factors which effect the flow of heat in
a bar of
metal are pressure and impurities in the metal.

If pressure,

such as a strain to twist the bar is applied, the flow
of

heat is slowed down.

Using our tinker-toy model, we can see

that each atom is connected in a regular and orderly fashion
to surrounding atoms.

If we twist one end of the bar while

holding the other end steady, we may not only break some of
the connections between the atoms, but we will also destroy
the regularity.

Much of the energy an atom transfers in the

heat flow collisions is lost because the distortion has moved
the next atom slightly off target.

Imagine, for example, two situations with dominos (crystal lattices), the first being where dominos are lined up in

orderly rows.

If we topple the dominos in the front rank of

each row, the toppling motion is quickly transmitted to the

remaining standing dominos.

However, if the standing dominos

are arranged in a haphazard fashion, the toppling motion is

only transmitted to some of the dominos; many will remain
-

standing.

Heat flow through a metal under pressure or not

under pressure occurs in a simil ar manner

.

The effect of an impurity in a
metal also serves to reduce the efficiency of heat transmission.
If we were to
place some sizeable object (such as
a pack of cigarettes) in
our orderly array of dominos we would
see that the toppling
motion would be reduced around the object.
Likewise,
the

presence of some impurity in a bar of metal
serves to reduce
the transfer of agitation velocity in
the orderly
crystal

lattice arrays.

This is because the impurity breaks up the

regularity of the crystalline structures, and
absorbs some of
the energy that might otherwise be transmitted
through
the

metal
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Electrical Conductivity

-

Analogies

Electrical conductivity is a property
present to various
degrees in materials and concerns the
extent to which that
material allows the flow of electrical
current through itself.
The current flow actually consists of
many negatively
charged electrons migrating toward an attracting
positive
pole.
This attraction is similar to the attracting
characteristics of opposite magnetic poles.
The capability of a material to conduct electricity
is
determined by a number of physical properties; the atomic
and

crystalline structure of the material, the thermal state of
the material, and magnetic influences on the substance.

In general, the most efficient
conductors of electricity
are metallic in nature.
Metals are highly efficient conductors because they possess two
physical properties critical to
efficient conduction. These features
are the presence of un-

bonded electrons and a highly regular
molecular structure.
If we were to magnify the interior of
a good conductor (say,
copper or silver) we would see that it
consisted of many regular crystalline box-line structures joined
together.
We

would see that the sides of the boxes were
open and that passing in and through these box-like structures
there would be
many small particles (electrons).

When the negative and positive
poles of
such as a battery are attached
to a bar of

a current

source

metal, free elec-

trons from the battery pass into
the bar.

At the same time

unbonded electrons from the metal are
attracted by and begin
to flow into the positive pole
of the battery. The abundance
of electrons in one area of the bar
couples with the reduction in electrons in the other end
results in a stabilization
action whereby electrons are migrating
from the negative to
the positive pole of the battery.
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Because the free electrons play
an integral part in the
flow of current through a medium,
it is important to note
that the presence of relatively
few of these loosely bonded
particles would greatly restrict the
potential current
flow.

Likewise, the degree of regularity
within the crystalline
structure influences the conductive
efficiency of the medium.
One can picture this by comparing
the box-like crystalline units and their arrangement to rows
of cars in a parking
lot.
If the arrangement of the crystalline
units is irregular or haphazard, passage of electrons
through the bar of metal would be as difficult as 100 cyclists
speeding through a

parking lot in which cars were not parked in
neat parallel
rows but scattered randomly on the pavement.
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Two other factors which influence
the degree of conductivity of a material are its thermal
state and the presence
of a nearby magnetic force field.
The degree of conductivity
of a substance is dependent upon the
thermal state of the medium because an increase in thermal energy
results in a higher thermal agitation velocity among the
crystalline structure
units.
Resultant increase in agitation velocity in turn
in-

creases the probability of collisions between the
current

electrons and the vibrating structural units.
sider the parking lot analogy.

Let us recon-

Even if the cars were neatly

parked but began to move quickly back and forth about their
original position, the trouble which the cyclists would en-

counter would obviously be increased.

'
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A magnetic force field can also
decrease current flow.
This decrease occurs due to a
restriction in the conducting
surface of the medium and the
resultant increase
in inter-

electron collisions.

The presence of a negative force
field
near a conductive medium would force
the similarly charged
electrons passing through the medium
towards the site of the
medium opposite the direction of the force
field.
The result
ant crowding of the current electrons
through such a restrict
ed space will necessarily decrease the
amount of current
which can pass through the medium in a given
amount of time.
If we subject the cyclists to an extremely
strong wind blow-

ing across the parking lot for some interval
through which
they must peddle, they will have to slow down
and merge with

those cyclists furthest from the wind or they shall
most like
ly collide.
Just as they are forced into a restricted
path,

so are the current electrons in a bar which is
subject to

magnetic force.
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Heat Flow

-

Analogies

The term "heat flow- is an
abstraction invented by man
rather than a representation of
physical reality.
That is,
heat is not detectable by any of our
sensory mechanisms.
Rather, what we do detect is a change
in temperature and the
notion of heat flow was invented to fill
a gap in our logic .
In this passage we will be discussing how
heat is transferred
from one location to another within the
confines of a metallic medium.
The term used to describe such transfer
is known
as conduction.

Heat transfer is best
conceptualized as the transfer
of
motion.
the case of conduction
this transfer occurs
through some solid physical
medium, such as metal.
If we

m

were able to examine a bar of
metal through an extremely powerful microscope we would see
that the interior of the bar
consists of a series of crystal
lattices, with each lattice
consisting of many tightly bonded atoms.
In order to picture
these lattices, imagine a box of many
tinker-toys;
inside, as

well as outside consisting of joined
parts.

The solid round

parts of the tinker-toys would correspond
to the molecules
within the crystal lattice. The interior
of the bar consists
of many of these "boxes" joined together.
In a metal which is an efficient conductor
of heat, each
of the atoms has associated with it one
or more "free floating" electrons.
Each crystal lattice, then, consists of an

orderly array of atoms surrounded by a cloud of
electrons
which are not attached to any particular atom but

are free to

move at random through the confines of the lattice.

You can

picture this by imagining many tiny particles floating

through the series of tinker-toy boxes.
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The overall regularity in the
crystalline structure of
metal is highly significant in
that substance's particular
ability to more efficiently and
more quickly transmit

a

heat.

In a substance where the crystalline
structure is irregular
or randomized, much of the energy
of the thermal agitation is

lost in the vibrating of particles
which have no significant
contact with particles in the direction
opposite the heat
source.
Under conditions of constant temperature
throughout
the bar of metal,

the individual crystal lattices making
up

the bar, and the free electrons within
the lattices, have a
velocity of thermal agitation that is roughly
equivalent to
the statistical average of the thermal agitation
velocity for
the entire bar.
This velocity in turn corresponds to the

temperature of the bar.

As the temperature of the entire bar

increases, there will be a concomitant increase in the
velo-

city of thermal agitation.

Within the crystal lattices the

free electrons move at random but are deflected and scattered by collisions with other electrons or with the bonded

atoms in the lattice.
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If we now apply a heat source
to one end of a constant
temperature bar a number of things
occur.
The free electrons
within the lattice near the heat
source acquire a velocity
greater than the electrons within
the remainder of the bar.
This increased agitation results
in a higher number of collisions occurring between the free
electrons and the bonded
atoms and among the free electrons
themselves.
These collisions in turn agitate the atoms and
electrons being struck
and cause them to collide with other
particles within the
lattice.
The agitation occurring within one
lattice produced
a similar agitation within surrounding
lattices and eventually this increased thermal agitation velocity
is transmitted
the length of the bar.
This transmission of agitation velocity is accompanied by temperature changes
throughout the
bar.

Thus, by applying a heat source to one end of
the bar

we eventually produce a higher degree of thermal
agitation

for all of the lattices making up the bar.

This increased

agitation in turn increases the temperature of the entire
bar.

Two factors which affect
the flow of heat in a bar
of
metal are pressure and impurities
in the metal.
The application of pressure to a heat
conducting medium produces a
distortion of the crystalline structure
with a resulting loss in
the efficiency of the material
as a heat conducting medium.
Using our tinker-toy model, we
can see that each atom is connected in a regular and orderly
fashion to surrounding atoms.
If we twist one end of the bar
while holding the other end
steady, we may not only break some
of the connections between
the atoms but we will also destroy
the regularity.
Both of
these factors result in a disturbance of
the thermal agitation.
Units which were previously directly
colliding with
each other will now only obliquely collide,
with a resultant
loss or waste of energy.
Collisions of the latter form are
'

prohibitive to heat flow.
Imagine, for example, two situations with dominos
(crystal lattices),

the first being where dominos are lined up in

orderly rows.

If we topple the dominos in the front rank of

each row, the toppling motion is quickly transmitted to the

remaining standing dominos.

However, if the standing dominos

are arranged in a haphazard fashion, the toppling motion is

only transmitted to some of the dominos; many will remain
standing.

Heat flow through a metal under pressure or not

under pressure occurs in a similar manner.

The presence of a foreign
particle or impurity in the
chemical composition of the metal
also reduces the efficiency
of heat transfer in the medium.
This is because the particle
produces a distortion in the structural
symmetry
of the crys-

tal lattices.

If we were to place some sizeable
object (such
as a pack of cigarettes) in our
orderly array of dominos we
would see that the toppling motion would
be reduced around
the object.
The impurity produces this loss of
efficiency in
two ways.
It absorbs some of the energy
instead of passing
it on, and because of the fact that the
impurity is not as

structurally bonded as the crystal lattices, it
moves erratically thereby disturbing the normal transfer of
energy.

'
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ELECTRICAL CONDUCTIVITY

-

ILLUSTRATE

Electrical conductivity is a property present
to various
degrees in materials and concerns the extent to
which that
material allows the flow of electrical current through
itself.
The current flow actually consists of many negatively
charged
electrons migrating toward an attracting positive pole.

This

attraction is similar to the attracting characteristics of opposite magnetic poles.
The capability of a material to conduct electricity is

determined by a number of physical properties; the atomic
and crystalline structure of the material, the thermal state of
the material, and magnetic influences on the substance.
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The capability of a material to conduct electricity is

potevmined by a number of physical properties; the atomic
and crystalline structure of the material, the thermal.: rotate
of the material, and magnetic influences on the substance.
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In gonoral,

the most efficient conductor:; of electricity

are metallic in nature.

Metals are highly efficient con-

ductors because they possess two physical properties critical
to efficient conduction.

Those features are the presence of

unbonded electrons and a highly regular molecular structure.

Sufficient magnification of a particle of metal would reveal
an interior structure consisting of bonded molecules arranged
in a systematic order.
as crystal lattices.

These regular structures are known
A further examination of these structers

would reveal considerable "open space" in and around the
structures and that unbonded electrons were moving at random

through these spaces.

When the negative and positive polos of a current source
ttttch

tin

a battery aro attached

to

ix

from the battery pass into the bar.

bar of metal f roc electron;;
At the come time unbond-

ed electrons from the metal are attracted by and begin to flow

into the positive pole of the battery.

The abundance of

electrons in one area of the bar coupled with the reduction
in electrons in the other end results in a stabilization

action whereby electrons are migrating from the negative
to the positive pole of the battery.

Because the froo electron!*, play an integral part in
flow of current through a medium, it is important to

ih<:

note.

that tho presence of relatively few of these loosely bonded

particles would greatly restrict the potential current flow.
Likewise, the degree of regularity within the crystalline

structure influences the conductive efficiency of the medium.
The relationship between the internal structural regularity
and the passage of electrons through the medium is such

that a symmetrical structural array permits a greater number
of electrons to pass, and, conversely, an irregular structure,

by increasing the probability of collisions between

"che

electrons and the molecular units would greatly decrease
conductivity.

Two other factors which influence the degree of conduct lyity
of a material are its thermal state and the presence of a

nearby magnetic force field.

The degree of conductivity of

a substance is dependent upon the thermal state of the medium

because an increase in thermal energy results in a higher

thermal agitation velocity among the crystalline structure
units.

The resultant increase in agitation velocity in turn

increases the probability of collisions between the current
electrons and the vibrating structural units.

This increase

in collision rate results in restricted current flow.

A

magnetic force field can also decrease' current flow.

This decrease occurs due to a restriction in the conducting

surface of the medium and the resultant increase in inter-

electron collisions.

The presence of a negative force field

near a conductive medium would force the similarly charged
9

electrons passing through the medium towards the side of the

medium opposite the direction of the force field.

The re-

sultant crowding of the current electrons through such a

restricted space will necessarily decrease the amount of
current which can pass through the medium in a given amount
of time.

The presence of the force field not only restricts

the conducting space of the medium but also increases the

frequency of inter-electron collisions.

-As

the moving

electrons are initially repelled by the force field,
Inr.

In

r.eo.ic-

to flow both towards the positive p.olo of the medium

and away from the force fin 1*1 they will more frequently

collide among th em elver., thus further rontvlc tinr, current
f.
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HEAT FLOW

-

ILLUSTRATED

The term "heat flow" is an abstraction
invented by man
rather than a representation of physical reality.
That is,

heat is not detectable by any of our sensory
mechanisms. Rather,
what we do detect is a change in temperature, and
the notion
of heat flow was invented to fill a gap in our logic.
In
this passage we will be discussing how heat is transferred

from one location to another within the confines of a metallic
medium.

The term used to describe such transfer is known

as conduction.
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Heat transfer is best conceptualized as the transfer
of motion.

In the case of conduction this transfer occurs

through some solid physical medium, such as metal.

If we

were able to examine a bar of metal through an extremely

powerful microscope we would see that the interior of the

bar consists of a series of crystal lattices, with each lattice consisting of many tightly bonded atoms.
is an efficient conductor of heat,

.

In a metal which

each of the atoms has

associated with it one or more "free floating" electrons.
Each crystal lattice, then, consists of an orderly array
of atoms surronded by a cloud of electrons which are not

attached to any particular atom but are free to move at

random through the confines of the lattice.

The overall regularity in the crystalline structure of
a metal is highly significant in that substance's particular

ability to more efficiently and more quickly transmit heat.
In a substance where the crystalline structure is irregular

or randomised, much of the energy of the thermal agitation
is lost in the

vibrating of particles which have no significant

contact with particles in the direction opposite the heat
source.

Under conditions of constant temperature through-

out the bar of metal, the individual crystal lattices making

up the bar, and the free electrons within the lattices,

have a velocity of thermal agitation that is roughly equivalent
to the statistical average of the thermal agitation velocity

for the entire bar.

This velocity in turn corresponds to

the temperature of the bar.

As the temperature of the entire-

bar increases, there will be a concomitant increase in the

velocity of thermal agitation.

Within the crystal lattice.:

the free electrons move at random but are deflected and

scattered by collisions with other electrons or with the
bonded atoms in the lattice.
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If we now apply a heat source to one end of a constant

temperature bar a number of things occur.

The free electrons

within the lattices near the heat source acquire a velocity
greater than the electrons within the remainder of the bar.
This increased agitation results in a higher number of col-

lisions occurring between the free electrons and the bonded
atoms and among the free electrons themselves.

These collisions

in turn agitate the atoms and electrons being struck and

cause them to collide

wit>^

other particles within the lattice.

The agitation occurring within one lattice produced a similar

agitation within surronding lattices and eventually this increased thermal agitation velocity is transmitted the length
of the bar.

This transmission of agitation velocity is ac-

companied by temperature changes throughout the bar.

Thus,

«

by applying a heat source to one end of '.the bar wo eventually
produce a higher degree of thermal agitation for all of the
lafclvlaon

making up tho bar.

This increased agitation In

turn increases the temperature of the entire bar.
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Two factors which affect the flow of heat in a bar of

metal are pressure and Impurities in the metal.

The-

ap-

plication, of pressure to a heat conducting medium produces
a distortion of the crystalline structure with a resulting

loss in the efficiency of the material as a heat conducting

medium.

The reason for this is twofold.

First, pressure

serves to break the bonds between the crystal arrays.

Second,

the pressure distorts the symmetry of the crystalline structures.

Both of these factors result in a disturbance of the thermal
agitation.

Units which are previously directly colliding

with each other will now only obliquely collide, with a resultant loss or waste of energy.

form are prohibitive to heat flow.

Collisions of the latter

The presence of a foreign particle or impurity in the

chemical composition of the metal alco reduces the efficiency
of heat transfer, in the medium.

This is because the particle-

produces a distortion in the structural symmetry of the crystal
lattices.

The result is that some of the molecules in the

medium will be moved into oblique positions, with a resultant
loss of effeciency of thermal agitation transfer.

The im-

purity produces this loss of efficiency in two ways.

It

absorbs some of the energy instead of passing it on, and

because of the fact that the impurity is not as structurally

bonded as the crystal lattices, it moves erratically thereby

disturbing the normal transfer of energy.
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